. Thorax, 32,[457][458][459][460][461][462][463][464][465][466][467][468][469][470][471] intra-acinar arteries, consistent with the effect of a circulating vasodilator. The scintigraphic and pathological findings suggested that shunting had been greater in the right than the left lung. Examination of thin lung sections by light microscopy showed that the walls of small veins were thickened, and electron microscopy showed that this was due to a layer of collagen. The walls of capillaries were similarly thickened, which caused an approximately two-fold increase in the minimum blood-gas distance and contributed to the reduction in transfer factor.
was moderate hepatomegaly. Laboratory investigations revealed an obstructive jaundice (serum bilirubin 720 ,umol/l, aspartate transaminase 63 IU/ml, and alkaline phosphatase 184 IU/ml) with a negative mitochondrial antibody test. Laparotomy revealed no anatomical defect of the biliary system and an operative cholangiogram was normal. A liver biopsy showed an advanced micronodular cirrhosis. Postoperatively she developed ascites, but this resolved after salt restriction and administration of a diuretic. Her cirrhosis was presumed to be due to chronic alcoholism. The cause of the cholestasis was uncertain but was possibly related to the methyldopa therapy (Toghill et al., 1974) . After stopping the use of this drug her blood pressure remained normal and the jaundice gradually disappeared.
She was readmitted in June 1974 with an acute onset of dyspnoea due to a massive right-sided hydrothorax. There was also mild ascites and ankle oedema. The pleural fluid had the characteristics of a transudate. Its protein concentration was 0-25 g/l; light microscopy revealed only mesothelial cells and bacterial cultures produced no growth. A pleural biopsy and bronchoscopy showed no abnormality. After an initial 1-5 1 thoracentesis she was given more intensive diuretic therapy and the hydrothorax disappeared. In September and November 1974 she had two further admissions due to recurrent right-sided hydrothoraces; on both occasions there was acute respiratory distress. Between these episodes she experienced moderate dyspnoea on effort, even though physical and radiographic examinations of the chest were normal. During the November admission she was noticed to be cyanosed and to have finger clubbing. There were no abnormal heart sounds and the electrocardiogram was normal. The cyanosis persisted after her chest radiograph had returned to normal; physiological studies and a lung scan performed at this time are described below.
In January 1975 she had a fourth right-sided hydrothorax, and one week later, when it had largely been absorbed, she was investigated by means of a diagnostic pneumoperitoneum. After 1 litre of air had been introduced into the peritoneal cavity she experienced a 'bubbling' sensation behind the sternum which persisted for 45 minutes. A chest radiograph two minutes after peritoneal air injection showed no air above the diaphragm, but another obtained after one hour showed a large pneumothorax. These 
Pulmonary function tests

METHODS
The forced expiratory volume in one second and the forced vital capacity were measured using a low resistance dry spirometer. Intrathoracic gas volumes were determined by the helium dilution method and the carbon monoxide transfer factor (TF) by the single breath technique (Ogilvie et al., 1957) . Arterial 02 tension (Pao2), CO2 tension (Paco2), and pH were measured with appropriate electrodes (Radiometer E 5046, E 5036 and G 297). The 02 and CO2 electrodes were calibrated using humidified gases of known composition and the measured Pao2 was corrected for the 02 electrode's blood-gas factor (106) which had been determined by tonometry. Using standard techniques and calculations, described in detail elsewhere (Stanley and Woodgate, 1971) , the alveolararterial 02 tension difference (A-ADO2) was measured while she breathed room air. The A-ADO2 was also measured after 15 minutes breathing 100% 02 and the true shunt was determined as a percentage fraction of the cardiac output assuming an arteriovenous 02 content difference of 29 vol %, which was the average value in 12 other cases of cirrhosis with finger clubbing (Stanley and Woodgate, 1971) . Observed values were compared with predicted normal values for lung volumes and TF given by Cotes (1975) , and with gasometric data previously obtained by the authors in healthy control subjects using the same techniques.
RESULTS
Physiological data obtained in November 1974 when no pleural fluid was seen in the chest radiograph are listed in Table 1 . The lung volumes were normal, which excluded any major restrictive or obstructive ventilatory defects, but the TF was very low. Arterial blood analysis showed severe hypoxaemia in spite of a respiratory alkalosis. The (Mishkin and Brashear, 1970) . A scan of the whole trunk is shown in Fig. 1 . There had been less uptake of particles throughout the right lung compared with the left lung. Also some of the particles had passed through the lungs into the systemic circulation, causing high scintillation count rates over abdominal organs. The appearances were consistent with intrapulmonary arteriovenous shunts predominantly within the right lung. A second scan in April 1976 was very similar.
Postmortem findings
Two hours after death a coroner's postmortem examination was performed. The liver and spleen were moderately enlarged and there was a small amount of ascites. No excess fluid was present in the pleural cavities and there were few pleural adhesions on either side in spite of the instillation of talc the year before. The lungs and diaphragm were removed for further studies, and blocks of fresh tissue were cut from each lung for subsequent electron microscopy.
No gross pulmonary abnormalities were observed, but their combined weight of 1040 g was more than is usual for white females (745 g+4=91 SD) (Whimster and MacFarlane, 1974) .
PREPARATION
The lungs were prepared for quantitative morphometric analysis using previously described techniques (Elliott and Reid, 1965; Davis and Reid, 1970) . In brief, the pulmonary arterial tree was injected with a micropaque-gelatin suspension at 65°C and at a pressure of 10 kPa (100 cm H20). The injected material distends and fills all arteries greater than 15 .tm in diameter but does not cross the capillary bed; its passage into pulmonary veins indicates the presence of arteriovenous anastomoses. After vascular injection the lungs were inflated through the trachea with 10% formol saline at a pressure of 4 5 kPa (45 cm H20) until the pleura was tense. After fixation the lungs were radiographed and the preacinar arterial size was assessed by measuring on the radiograph the internal diameter of the largest artery in the lower lobe at 10 equal intervals along its axial pathway from the hilum to the periphery. Eight blocks of tissue were then taken from each lung using a stratified random sampling technique (Dunnill, 1962) , and 4 ,tm sections were cut and stained with Verhoff's elastic van Gieson. After a general histological assessment, a quantitative microscopic analysis of the small vessels was performed. The average diameters of arteries adjacent to respiratory bronchioles and alveolar ducts were calculated. As another index of vessel size population counts were done on arteries less than 300 ,um in diameter (Hislop and Reid, 1972) , whereby the relative incidence of muscular, partially muscular, and nonmuscular vessels was determined in relation to arterial diameter. The total numbers of filled arteries and alveoli were also counted in a unit area and expressed as a ratio of number of arteries to number of alveoli. Control data were obtained using the lungs of four individuals who had died without liver or lung disease. For further study of small intra-acinar vessels random samples were taken from the injected lungs and embedded in Araldite. Using an LKB III ultramicrotome and glass knives, 1 ,um sections were cut, which were stained with toluidine blue in 1% borax and studied by light microscopy.
The lung tissue which had been obtained soon after death for electron microscopy was fixed in 2 5% glutaraldehyde in cacodylate buffer for 2 hours, postfixed in 1% osmium tetroxide, dehydrated, and embedded in Araldite. Pale gold sections were cut and stained with methanolic uranyl acetate followed by lead citrate (Reynolds, 1963) .
MACROSCOPIC AND RADIOGRAPHIC APPEARANCES
During vascular injection many abnormal pleural vessels resembling cutaneous spider naevi were filled with the micropaque gelatin, as shown in Fig. 2 . The naevi were more numerous over the right than the left lung and provided a striking contrast with the vessel-free appearance of the pleural surface after vascular injection of normal lungs. There was no reflux of injected material from the pulmonary veins at the hilum, suggesting that no major arteriovenous anastomoses were present. Likewise no arteriovenous communications or filling of large veins were visible on the radiographs; these also showed that the preacinar arterial diameter was normal.
LIGHT MICROSCOPY
The lung architecture appeared normal and no direct communications were seen between large arteries and veins. Nonetheless injected material was visible in some of the small veins, especially in the right lung, which were identified by their peripheral position in connective tissue of the interlobular septa and by the absence of an accompanying airway (Fig. 3) . The venous filling demonstrated the existence of arteriovenous anastomoses and was not observed in any of the control lungs; its limitation to the small veins suggested that the anastomoses were at precapillary level. Another abnormality was dilatation of all intra-acinar arteries, and this was more pronounced in the right lung, as shown by the results in Table  2 . Statistical comparisons showed that in each lung (Fig. 4) (Hales, 1956; Kravath et al., 1971) . In contrast, several postmortem studies in older patients failed to identify an obvious anatomical pathway for shunting and suggested that it might be occurring at an extrapulmonary site (Rodman et al., 1959; Georg et al., 1960) . With hindsight, it now seems more likely in these instances that the techniques had been inadequate for demonstrating small anastomoses within the acinus. Although channels linking the portal and pulmonary venous systems (Calabresi and Abelmann, 1957 ) offer an alternative shunt pathway it carries insufficient blood flow to cause more than trivial changes in arterial 02 saturation (Nakamura et al., 1965 Robin et al., 1975) . However, in cases with arteriovenous anastomoses demonstrated postmortem using micropaque gelatin, communications between pre-acinar vessels have been visualised in only one patient, the child re- ported by Kravath et al. (1971) , and not in four others including the present case (Berthelot et al., 1966; Karlish et al., 1967; Silverman et al., 1968) . Therefore shunting is rarely attributable to channels between large vessels remote from a gas exchanging surface, except possibly in children; more usually it reflects small precapillary anastomoses within the acinus. These may develop through dilatation of some normal capillaries to precapillary diameter or alternatively by the opening of anatomic precapillary anastomoses, which may exist in a non-functioning form in the normal lung (Tobin, 1966; Niden and Aviado, 1956 ). All intra-acinar vessels are capable of gas exchange due to the proximity of alveolar gas (Staub, 1961) , but°2 uptake is thought to be very slow in precapillaries (Sackner et al., 1964) and anastomoses at this level are likely to behave as shunts even in hyperoxia. Not all hypoxic cases have precapillary anastomoses when studied at necropsy (Berthelot et al., 1966) , but arterial unsaturation in liver cirrhosis may also be caused by ventilationperfusion inequality without shunting (Cotes et al., 1968) , perhaps on the basis of airway closure due to peribronchial oedema (Ruff et al., 1971) . It has also been postulated that incomplete blood-gas°2 equilibration (partial shunting) may occur at capillary level, since the intra-acinar vascular disorder may cause extreme variation in diffusionperfusion ratios (Schomerus et al., 1975) .
Regional variation in shunting It was of additional interest that shunting appeared to be greater in the right than in the left lung. This conclusion was based on both lung scan appearances and pathological findings but was also consistent with physiological observations that the Pao2 rose when she lay on the left side and during partial collapse of the right lung after the diagnostic pneumoperitoneum. Presumably gravitational effects in left lateral recumbency and the presence of a right-sided pneumothorax improved gas exchange by causing preferential perfusion of the more efficient left lung. The possibility of leaving a permanent pneumothorax as a therapeutic manoeuvre was considered but discarded The thickening is due to collagen (co) interspersed with some fine filaments. Elastin (e) is also present. Other features include a red blood cell (rbc), endothelium (end), basement membrane (bm), part of a fibroblast (fb), and elastic lamina (el) (X 18 750). because, in spite of the increased arterial saturation, the respiratory stimulus of lung deflation made her more breathless. Uneven distribution of intrapulmonary shunting has previously been noted in a cyanosed patient with active chronic hepatitis whose perfusion scan and pulmonary angiogram suggested relative localisation of intrapulmonary shunts to the left lower lobe . Regional variation in the size and density of arteriovenous anastomoses may also explain the differences betwen lobes in the time for injected material to cross the pulmonary vascular bed in the case reported by Karlish et al. (1967) .
Pulmonary arterial dilatation
The morphometric analysis has provided the first quantitative evidence that the pulmonary arterial tree is dilated in liver cirrhosis, which had been suggested by Berthelot et al. (1966) . Similar data have been obtained in cases of fulminant hepatic failure (Williams et al., 1976) . The increased calibre of small peripheral rather than large central arteries contrasts with the picture in leftto-right shunting due to congenital heart defects, where large arteries dilate more than the small ones (Hislop et al., 1975) . This supports the belief that a circulating vasoactive substance is primarily responsible for the pulmonary arterial changes in liver disease rather than passive distension to accommodate an increased blood flow. Pleural spider naevi and precapillary anastomoses within the lung are presumably other manifestations of the pulmonary vasodilatation. Possible vasoactive substances responsible for the circulatory changes in liver failure include reduced ferritin (Shorr et al., 1951) , histamine (Martini et al., 1970) , vasoactive intestinal peptide (Said and Mutt, 1970) , bradykinin, and prostaglandins (Seymour et al., 1976) . Identifying the most important among these might assist in therapy if an appropriate pharmacological blocker could be given. Regarding the effect of histamine, trials of histamine H1-and H2-receptor antagonists did not cause significant changes in our patient's Pao2.
Vascular basis of reduced TF
A reduction in TF is a consistent finding in hypoxic cases of liver cirrhosis (Cotes et al., 1968; Stanley and Woodgate, 1972) . It occurs in all types of chronic liver disease and not just in cases with a history of alcoholism or smoking, which may be independent causes of a reduced TF (Emirgil et al., 1974; Van Ganse et al., 1972 (Williams et al., 1976) . Possibly the thickening was a consequence of long-standing transmission of abnormally high pressures to capillaries and veins due to arterial dilatation, analogous to the progressive arterialisation of vessels distal to peripheral arteriovenous fistulae (Petrovsky and Milonov, 1967 (Higgins et al., 1947) , hypertension in the azygos vein (Morrow et al., 1958) , increased pressure in a thoracic duct overloaded by drainage of ascites (Dumont and Mulholland, 1960) , and passage of ascites through diaphragm lymphatics (Johnston and Loo, 1964) . However, the sudden accumulation of a large, unilateral effusion is now thought to be caused by direct movement of ascites under pressure across small defects in the diaphragm. Openings in the diaphragm can usually be demonstrated by means of a diagnostic pneumoperitoneum (Williams, 1950; Lieberman et al., 1966) and have been observed at necropsy in several cases (Emerson and Davies, 1955; Lieberman and Peters, 1970 (Fig. 8 ).
Therapy
The formation of a hepatic hydrothorax decompresses the abdomen, which may allow a diaphragmatic opening to heal (Lieberman and Peters, 1970 
